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Background: Studies have shown that hyperuricemia (HUA) is an independent risk factor for all-cause
death and residual kidney function loss in peritoneal dialysis (PD) patients. The control of blood uric acid
(UA) is an important link to improve the prognosis of end-stage renal disease (ESRD). As a therapeutic drug
for HUA, febuxostat is rarely studied in PD patients. The purpose of our study is to investigate the safety,
efficacy, and effect on residual renal function (RRF) of febuxostat in patients undergoing PD.
Methods: This is a retrospective single-arm cohort study. During the study period which from September
2016 to November 2020, 191 patients underwent PD at this hospital. Among these patients, 84 were
administrated for over a period of 3 months and were eventually included. These 84 patients (51 males and
33 females; average age: 55.18 years) were undergoing PD complicated with HUA or gout who received
febuxostat during a regular follow-up from January 2018 to November 2020. Serum UA (sUA) levels, blood
routine, liver function, and RRF were compared before and after febuxostat administration. Adverse events
(AEs) resulting from febuxostat treatment were collected from medical records.
Results: All 84 patients were administered febuxostat for over 3 months, including 39 for over 6 months
and 26 for over 12 months. Some 60 patients were treated with febuxostat dose of 20 mg/day and the remaining
24 patients received 40 mg/day. Compared with pretreatment level, the mean sUA level was observed to be
markedly reduced at 1 month after febuxostat administration (320.2±87.27 vs. 498.8±81.47 µmol/L, P<0.0001)
and at 3 months (291.6±82.66 vs. 498.8±81.47 µmol/L, P<0.0001) and subsequently remained at a significantly
low level for 12 months. Only 5 patients stopped febuxostat because of its associated AEs. An initial dose
of 40 mg/day was associated with a higher rate of AEs compared with dose of 20 mg/day (25% vs. 18.33%,
respectively). After febuxostat treatment, no significant differences were observed between RRF in the two
groups.
Conclusions: Febuxostat may be safe and efficient in patients undergoing PD and may not impair RRF.
Febuxostat administration at dose of 20 mg/day may be an appropriate dose for patients undergoing PD.
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Introduction

Methods

Uric acid (UA) is the final enzymatic product of purine
or nucleotide metabolism produced by xanthine oxidase
or xanthine dehydrogenase, approximately two-thirds of
which is excreted through the kidneys and the remainder
is excreted via the gastrointestinal tracts (1,2). Gout is an
inflammatory type of arthritis which is commonly thought
to be caused by deposition of monosodium urate crystals,
secondary to increased serum UA (sUA) concentration (3).
Hyperuricemia (HUA) is often encountered in patients with
chronic kidney disease (CKD) and end-stage renal disease
(ESRD) owing to declining kidney function. Not only has
HUA been demonstrated to result in gout, but it is also
associated with CKD, hypertension, cardiovascular disease
(CVD), and diabetes (4-8). Accumulating epidemiological
studies have confirmed the association between higher sUA
level and CVD as well as mortality in CKD and ESRD
patients, indicating the importance of urate-lowering
therapy in these patients (9-11).
Febuxostat, a new type of non-purine selective xanthine
oxidase inhibitor, is mainly metabolized in the liver and
is excreted through the biliary tract and kidneys (12). It is
excreted in multiple ways with fewer adverse side effects
than Allopurinol. Sarvepalli found that febuxostat was
effective in reducing UA levels in CKD stage IIIA to stage
VD without any adverse events (AEs) and no cardiac-related
events, which suggest that febuxostat could be a good
choice for the treatment of HUA and gout in advanced
CKD patients (13). Previous studies have confirmed that
febuxostat is effective and safe in patients with advanced
CKD and ESRD (14-16). Recently, Choi retrospectively
analyzed 62 HUA patients with hemodialysis (HD) and
peritoneal dialysis (PD), sUA decreased significantly after
febuxostat treatment, and only 2 stopped febuxostat due
to its adverse effects. However, the study included only 17
patients on PD (17). Research on febuxostat administration
in patients undergoing PD is still insufficient. In this study,
we aimed to investigate the safety and efficacy as well
as effect on residual renal function (RRF) of febuxostat
in patients receiving PD and to provide some clinical
experience for HUA treatment in PD patients. We present
the following article in accordance with the STROBE
reporting checklist (available at https://apm.amegroups.
com/article/view/10.21037/apm-22-628/rc).

Patients
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This is a retrospective single-arm cohort study conducted
at the Peritoneal Dialysis Center of Ningbo First Hospital
involving HUA patients with PD who received febuxostat
treatment from September 2016 to November 2020.
Our study complied with the Declaration of Helsinki (as
revised in 2013) and was approved by the Ningbo First
Hospital Institutional Review Board (No. 2021RS002). The
requirement for informed consent was waived due to the
retrospective nature of the study.
During the study period, 191 patients underwent
PD at this hospital. Among these patients, 98 were
administrated at least 1 dose of febuxostat therapy and 84
were administrated for over a period of 3 months and were
eventually included in our study. The inclusion criteria
were as follows: (I) above 18 years old at the initiation of
PD, (II) a follow-up of more than 1 month, and (III) with
HUA (sUA ≥420 µmol/L in males and UA ≥360 µmol/L in
females). We excluded patients with the following criteria:
(I) history of allergy to febuxostat, (II) taking any of UAlowering drugs within 1 month before the index date, (III)
changing to HD, (IV) kidney transplantation, (V) liver
dysfunction [aspartate aminotransferase (AST) and/or
alanine aminotransferase (ALT) levels greater than 2 times
of the upper normal limit], and (VI) death.
At the time of febuxostat administration, the
demographic data, underlying disease, medications,
comorbidities, and laboratory data were collected. The
sUA levels were examined at 1, 3, 6, and 12 months after
the febuxostat initiation. At the same time, complete blood
count and liver function, blood creatinine, blood urea
nitrogen, 24 hours residual urine volume, urine creatinine,
urine urea nitrogen and other biochemical indexes were
determined by hematology analyzer and automatic
biochemical analyzer. Clinical information and any AEs
associated with febuxostat were acquired from medical
records. According to the “Practice Guidelines for Diagnosis
and Treatment of Hyperuricemia in Kidney Diseases in China”,
the standard of sUA is controlled at <360 μmol/L in PD
patients (18). Moreover, RRF was evaluated by estimating
glomerular filtration rate (GFR), which was calculated
by the mean creatinine and urea clearance (19,20) and
examining the renal component of Kt/V urea (21).
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Table 1 Demographic and clinical characteristics of patients with PD
Characteristics

All patients (n=84)

Febuxostat 20 mg/day (n=60)

Febuxostat 40 mg/day (n=24)

55.18±14.20

56.55±14.49

51.75±13.11

Gender, male

51 (60.71)

33 (55.00)

18 (75.00)

Follow-up duration (months)

9.64±9.63

10.72±9.54

6.95±9.51

SBP (mmHg)

135.5±18.62

134.7±17.77

137.7±20.83

DBP (mmHg)

79.46±10.1

77.98±10

83.17±9.55

22.51±3.24

22.23±3.11

23.22±3.53

18 (21.43)

13 (21.67)

5 (20.83)

6 (7.14)

4 (6.67)

2 (8.33)

16 (19.05)

11 (18.33)

5 (20.83)

Urate nephropathy

5 (5.95)

4 (6.67)

1 (4.16)

Other or unknown

39 (46.43)

28 (46.67)

11 (45.83)

Hypertension

73 (86.90)

53 (88.33)

20 (83.33)

Diabetics

21 (25.00)

16 (26.67)

5 (20.83)

CVD

18 (21.43)

15 (25.00)

3 (12.5)

Cerebrovascular disease

8 (9.52)

4 (6.67)

4 (16.67)

Gout

8 (9.52)

6 (10.00)

2 (8.33)

Blood urea nitrogen (mmol/L)

18.68±5.88

19.21±6.24

17.37±4.73

Serum creatine (μmol/L)

712.6±288

725.3±316.8

680.9±201.2

498.8±81.47

487.2±83.31

527.8±70.14

4.94±3.25

4.94±3.37

4.93±2.98

Two

13 (16.66)

10 (16.66)

3 (12.50)

Three

35 (41.66)

25 (41.66)

10 (41.66)

Four

35 (41.66)

24 (40.00)

11 (45.83)

Age (years)

2

BMI (kg/m )
Causes of ESRD
Diabetic nephropathy
IgA nephropathy
Primary glomerulonephritis

Comorbidities

sUA (μmol/L)
2

eGFR (mL/min/1.73 m )
PD schemes (number of PD sessions per day)

Values presented as mean ± SD or n (%). PD, peritoneal dialysis; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; ESRD, end-stage renal disease; IgA, immunoglobulin A; CVD, cardiovascular disease; sUA, serum uric acid; eGFR, estimated
glomerular filtration rate; SD, standard deviation.

Statistical analysis

Results

The software GraphPad InStat version 5.0 (GraphPad
Inc., San Diego, CA, USA) was used to perform statistical
analysis and data graphics. The count data were expressed
as counts and percentages. We applied paired t-test or
Wilcoxon signed-rank test to conduct statistical analysis.
Values were expressed as means ± standard deviation (SD).
Results were considered statistically significant if P<0.05.

The baseline characteristics of patients undergoing PD
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The clinical baseline characteristics of patients undergoing
PD at the time of febuxostat administration are shown
in Table 1. The mean age of patients was 55.18±14.2 (age
range, 25 to 89) years and the ratio of male to female was
51:33. In our study, 60 patients took febuxostat 20 mg/day
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Table 2 Febuxostat AEs in patients with PD
Febuxostat AE

Febuxostat 20 mg/day (n=60)

Febuxostat 40 mg/day (n=24)

11 (18.33)

6 (25.00)

Liver function abnormalities

2

0

Skin rash

1

1

Nausea

2

2

Leukocytopenia

1

0

Thrombocytopenia

1

1

blurring of vision

1

0

Gout attacks

2

2

Diarrhea

0

0

acute coronary syndrome

1

0

Total number

Serum uric acid level, μmol/L

Values presented as n (%) or n. AE, adverse event; PD, peritoneal dialysis.

800

40 mg/day group (P>0.05).

600

Safety of febuxostat in patients on PD

400

200

0
0 (84)

1 (84)
3 (84)
6 (39)
Follow-up time, months

12 (26)

Figure 1 sUA levels during 12 months after febuxostat
administration (numbers in parentheses indicates number of
patients). Data are shown as mean ± SD. *P<0.05 vs. month 0.
sUA, serum uric acid; SD, standard deviation.

(71.43%), accounting the largest number of patients, and 24
took febuxostat 40 mg/day (28.57%). All 84 patients were
administered febuxostat for over 3 months during a regular
follow-up from January 2018 to November 2020, including
39 cases for over 6 months and 26 cases for over 12 months.
Regarding underlying renal disease of ESRD, the most
disease was unknown (46.43%), followed by diabetic kidney
disease (21.43%), and primary glomerulonephritis (19.05%).
Regarding the comorbid disease, hypertension was the most
common comorbidity (86.9%), followed by diabetes (25%),
and CVD (21.43%). There were no significant differences
in clinical baseline variables between febuxostat 20 and
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The AEs involving febuxostat administration are
summarized in Table 2. There were 17 (20.24%) AEs
associated with febuxostat treatment in our study. A total of
4 patients experienced gout attacks during the first month
after febuxostat initiation. Of the 4 patients, 2 (3.33%)
were taking febuxostat 20 mg/day and 2 (8.33%) were
taking febuxostat 40 mg/day. A total of 5 patients (5.95%)
withdrew from our study. The reasons for case withdrawal
included: (I) liver dysfunction (AST levels greater than
3 times of the upper normal limit); (II) experiencing platelets
below 5×10 9/L; (III) blurring of vision; (IV) developing
leukopenia (white blood cell count lower than 2×109/L); and
(V) acute coronary syndrome (a patient with coronary heart
disease history). The febuxostat dose when the AEs occurred
was 40 mg/day in 6 cases (25%) and 20 mg/day in 11 cases
(18.33%), demonstrating that the daily dose of 40 mg
was associated with higher AEs compared with the daily dose
of 20 mg in patients undergoing PD.
Efficacy of febuxostat in patients on PD
The sUA levels during the 12 months after febuxostat
administration are presented in Figure 1. Compared
with the baseline level, the mean UA level was markedly
reduced at 1 month after febuxostat treatment (320.2±87.27
vs. 498.8±81.47 µmol/L, P<0.0001) and at 3 months
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Table 3 RRF of patients with PD
RRF assessed by Kt/V

Project

RRF assessed by GFR

Febuxostat 20 mg/day Febuxostat 40 mg/day

P value

Febuxostat 20 mg/day Febuxostat 40 mg/day

P value

Before treatment

0.91±0.83

0.9±0.51

0.46

4.95±3.37

4.94±2.99

0.62

After treatment

0.82±0.75

0.88±0.61

0.18

4.41±2.76

5.27±2.82

0.095

Data presented as mean ± SD. RRF, residual renal function; PD, peritoneal dialysis; Kt/V, K: dialyzer clearance of urea, t: dialysis time, V:
volume of distribution of urea; GFR, glomerular filtration rate; SD, standard deviation.

A

B

15

12

12

9

9

RRF

RRF

15

6

6
3

3

R=0.02, P=0.89

R=−0.13, P=0.25
0

0
0

3

6
9
12
Numbers of peritoneal dialysis

15

0

3

6
9
12
Solution of peritoneal dialysis

15

Figure 2 Correlation between RRF and PD. (A) Correlation between RRF and the number of PD. (B) Correlation between RRF and
solution of PD. RRF was assessed by GFR. RRF, residual renal function; PD, peritoneal dialysis; GFR, glomerular filtration rate.

(291.6±82.66 vs. 498.8±81.47 µmol/L, P<0.0001) and was
subsequently maintained at a significantly low level for
12 months. Of the 84 cases, 72 (85.71%) achieved the target
sUA concentration lower than 360 µmol/L at 1 month after
febuxostat treatment and 78 cases (92.86%) achieved sUA
<360 µmol/L at 3 months. These obvious reductions in
sUA level at 1, 3, and 6 months were observed in both the
febuxostat 20 and 40 mg/day groups.
Febuxostat effects on RRF in patients with PD
The RRF was evaluated by the renal component Kt/V and
the GFR. The RRF of patients with PD before and after
febuxostat administration are displayed in Table 3. Assessing
RRF by renal component Kt/V revealed that there were
no differences in RRF between the two groups before and
after febuxostat treatment (P>0.05). As presented in Table 3,
evaluating RRF by GFR yielded the same results. There
was no association detected between RRF and the number
of undertaken dialyses (R=−0.13; P=0.25) after treatment.
There was no association between RRF and solution of PD
after treatment (R=0.02; P=0.89) (Figure 2).
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Discussion
In our study, we investigated the safety, efficacy, and effect
of febuxostat on RRF in patients undergoing PD and found
that febuxostat was a safe and effective urate-lowering drug
and might not impair residual kidney function in these
patients.
Although febuxostat was reported to be prescribed at
unchangeable doses in patients with mild and moderate
renal impairment (14,22-24), the proper doses in patients
undergoing PD have not been well established. There have
only been a handful of studies conducted on the safety and
efficacy of febuxostat administration on patients undergoing
dialysis (17,25). Recently, Choi et al. retrospectively analyzed
62 dialysis patients with HUA, including 17 PD patients.
After febuxostat treatment at a dose of 40–80 mg/day for
3 months, sUA level was significantly reduced and the
compliance rate was 87.1%, and UA remained at a low level
in the following 12 months (17). In our study, 71.43% of
patients received febuxostat at a dose of 20 mg/day, and
approximately 28.57% received 40 mg/day, effectively
controlling their UA levels. With 1 month of febuxostat
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administration, the mean UA level was markedly reduced
and the decreased UA concentration was retained for
more than 12 months in PD patients, demonstrating that
febuxostat might be effective for patients on PD.
Many previous studies have reported no serious AEs
of febuxostat treatment, and liver function injury was
shown to be a common side effect in CKD and dialysis
patients (22,23,26). In our study, liver dysfunction was
also common AE, but all cases returned to normal within
1 month without taking febuxostat. Gout attacks were
observed in 3.33% of patients receiving febuxostat 20 mg
once a day after 1 month of treatment, which was lower
than that in patients (8.33%) receiving 40 mg once day
and that in a study (17). In the Cardiovascular Safety of
Febuxostat and Allopurinol in Patients with Gout and
Cardiovascular Morbidities (CARES) trial (a double-bind,
multicenter clinical trial), patients with gout and major
cardiovascular conditions who were prescribed febuxostat
had higher all-cause mortality and cardiovascular mortality
than those who were administered allopurinol (27). Ghang
et al. estimated the data from CARES study and revealed
that there were more deaths caused by discontinuation
of febuxostat, suggesting that febuxostat discontinuation
might be a possible risk factor in all-cause mortality and
cardiovascular mortality (28). In our study, there was only 1
patient with a cardiovascular comorbidity who encountered
unstable angina with coronary revascularization. In the
Febuxostat Versus Placebo Randomized Controlled Trial
Regarding Reduced Renal Function IN Patients with
Hyperuricemia (FEATHER) study (a randomized, doublebind, placebo-controlled clinical trial), there were no
differences in cardiovascular disorders, all-cause mortality,
and stroke between stage 3 CKD patients with febuxostat
and placebo until week 108 of treatment (29). More studies
are needed to confirm the effect of febuxostat on allcause and cardiovascular mortality in patients with PD.
The appropriate dose of febuxostat in patients with PD
has not been well established. In our study, 6 (25.00%)
of patients taking 40 mg/day experienced AEs and 11
(18.33%) receiving 20 mg/day experienced AEs. Thus, we
recommend that febuxostat at an initial dose of 20 mg/day
might be safe in patients undergoing PD.
The RRF was evaluated by the renal component Kt/V
and the GFR. The RRF plays vital role in ESRD patients,
with benefits beyond contributing to achieve adequacy
targets. Several studies have demonstrated that RRF
preservation is associated with lower risk of death in patients
with PD therapy (30-32), an improvement of left ventricular
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hypertrophy (33) and blood pressure (34), decreased sUA and
phosphate levels (32), and lower incidence of peritonitis (35).
Renal Kt/V (r-Kt/V) is recommended as an indicator for
timing of PD initiation. Kuhlmann et al. demonstrated r-Kt/V
falling under a threshold of 2.0/week may indicate inadequate
renal toxin excretion (36). In our study, we could not find
any association between RRF and the number of undertaken
dialyses. Moreover, there was no association between RRF and
solution of PD after treatment. The effects of PD modalities
on RRF are controversial and more clinical trials are needed
to confirm them (37). We revealed that taking febuxostat to
decrease sUA was safe and efficient, and the beneficial action
did not deteriorate RRF in patients with PD.
There were some limitations to our study. Firstly, it was
a retrospective study and the number of cases included
was small. Some clinical information, such as AEs, may
have been underestimated or missed. A larger sample
size, multicenter, prospective randomized controlled trial
is needed to further investigate the efficacy and safety of
febuxostat in patients undergoing PD. Secondly, since there
were only 84 patients who had been treated by febuxostat
at the single center in our study, the results cannot be
generalized to all patients undergoing PD. Thirdly, patients
had been administrated different medications before
febuxostat initiation due to having comorbidities such as
diabetes, hypertension, and cardiac diseases. It is difficult to
attribute changes to a single variable such as febuxostat.
Conclusions
In conclusion, febuxostat is safe and efficient in patients
undergoing PD and may not impair RRF. Febuxostat at
dose of 20 mg/day may be an appropriate dose for patients
undergoing PD.
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